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INTRODUCTION 

/ 



An increasing number of s^tudents, educational 

leader^, and government officials are coming to regrfSrd 

present-day education in science as being largely irrelevant 

to the chief activities of contemporary human *life and are, 

therefore, beginning to question its educational value. ' 

f . 

This trend i& accented by the fact that, after several 
.decades of relative growth^ science course enrollment^ are 
on the decline. * ^ 



ft 

^ 



The .factors responsible for tbe 'relat*ive decline in, 

• science erMrollments ^and «e increasingly skeptical attitude 

»" 

bf jnany regardinp the value of ,science education are as yet 
unidentified, but, are. Undoubtedly, numerous ''and interactive • 
Oni might speculate' that , a:fter enjoying the limelight in the 
'1960-'s, sfcience 'education is suffering f^fom a sort of 
"ba'tklash." Or, one might speculate thaf it is being 
advj^rsely affected by the trend toward' curricular 
df^Vsif ication. Statistics' show that although public 
secondary school offerings have increased greatly during^the 
past few decades, the a^rage number of courses taklh 

increase^d only fi'or!f6.2 subjects per student in 1948 to 6.7 

• • \ , . 

subjects pet student in 1972/ . . ^ » 

Another possibility ts that the l*ecent introduction 
and/or increased emphasis on career education, economic 



education , and vocational educajtion has been to diye^rt , 

c 

attentjlon and support away from existing programs , 'such f^s 
science, and to heif^hten the Jceen competition for instructional 
time which has lonp existed "^amonp Varioll^ areas' pf knowledge, 
It may be that the more recen^ "back-to-basics" movement hi 
adversely affe^cted science education. Some individuals \^uld 
contend, and I' would agree, thatxthis movement is too ijfecent 
to^have had any appreciable impact on science enrollments c>r 
attitudes toward science curricula* Nevertheless , /this move- 
ment should be recognized, as a potential threat /to existing 
programs, including science. 

At this point one might logically a^k "Are presfent- 
day trends in edlication only t^mporfiry phenomena?" "Will 
tliey endure for a while and ^af terw^rds/be replaced by newer 
• trends?" -"Will science education retain its presejrt status 
in the curriculum?" "Will it reassume. the high statuis otf 
the 1960's and 'again be recognized as being of vital national 
importance?" "Or, ,wilf it, like religious education, and La^n 
' be relegated to curricu^ar obscurity?" ^ ' ^ . 

I 'contend that therfe is more than a slight chanoe 
t^at science will,- in fact, be relegated to curricular 
obscurity unless urgent attention is given to the problem* 
of .marketing, or selling, science as a school subject. 
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SCJENCE EDUCAlriON AND BUSINESS: AN ANALOGY^ ^ 
♦ • • 

The/li^feblood of any succpss/ul busf ness^nterprisQ 
is the sell/ing of goods and/or^- sirvicee !» Two of the'maior' 
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'factors in determininp sales volume are advertising and 
product q^uali ty . ' ' • - 

A(!Lve rtising 

f ' ' 

If science* education is, viewed, ^is a business enter- } 
prise specializing in a type of educational, service , and if 
advertisement and product quality ar« recognized as major 
deterjninants of sales, then, it bfecom'es evident that in 
order for enrollment in science (sales) to remai^ stable, 

^ or to grow y proper attentipn must be giveti to* the problems 
of advertising and impi;;ovenejit' of quality of service. 

We are all familiar with advei*tising that' takes the 
form^ of a rationalie, ot justification, for tjuying one service 
or product over another. Such adver^tisements have evolved ifi 
education as a result of the competition tha^t exists among 
various subject areas for. a place in the curriculum. 
Historically, such ''advertisements'* have been disseminated 
throi^h the reports of spepial committees, the position 

. statements of professional scientific and t^acheT organizations 
.and through the introductory^ remarWS included in t<^xtbooks and 
other curriculum materials. These advertisements are worded 

^ for maximum consumer '^ppeal. Sincfe consumer needs and desires 
change from time to time, such advertisements are subject to' 
periodfc mojfif icat ions-; the modifications depending usually 
upon the prevailing economic, 'sociological; religious, and 
political climate of the day. * 
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* A few exarrples will ^erve to illustrate how the 

arguments used •in support, of science education have v'aried 

from time to time. In the mid-nineteenth century, the - 

English philo'sopher Herbert Spencer advocated the study of 

science on "^e grounds that scientific knowledge was more 

useful than the. other types of knowledge. Scientific 

knowledge, Sp'encer said, contributed more than 'any other 

• ^ilbject to the all , important .human needs of self-preservation 

5 ^ ' ' 

and maintenance of health. 

• - >- * 

During the latter part of the nineteenth century, 

it wa6 popular to advocate science^, or' any other subje'ct, 

on '^he grounds that it promcJted mental discipline and proper 

moral attitudes. In one particular Instance, .the dissectltni 

of invertebrate animals was =,advocated pn the gi;ounds that a 

^cnowledge of invertebrate anatomy would lead students to a 

revelation of the attfilputes o^^tod as the master designer! 

Today", this argument strikes most of us as being a bit far 

* i 

fetched. But,, it was probab-ly quite effective at the time 



it was first presented before the Massachusetts 'teachers 
Association 
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Ih 1924, Xhe committee "On .the Place of Science in^ 
Education" of the AmeriJfcan Association for the Advancefnent * 
of Science (AAAS )* advocated science because of the importance 

of scientific thinking'and the usefulnes^^f the scie'ntific 

V - 7 *i/ 

rrtethod as a means to knowledge. Note ^th^: the xcommittee 

did not stresfe the utility of scientific knowledge jj^er se 

as Spencer had done earlier. ;^ ' - . .* ^ 



,.As ,a final example, le.t us consider ^the Propresslve 
Education Assocration ' s 1938 publication entitled Science 
in Genef al ' Education . In- this publication, the arguments 
given for teaching science include efempnts of both the 
AAAS and Spencerian rationale. Arguments stressed the, 
potential contributions pf science courses toward the 
development of reflective thinking aftd the /acquisition of 

knowledge pertainii;i'g to gersonal-s6cial relations, personal 

8 ^\ 

living, and economic relations. \ 

/ ' * ' . ^ * 

*rhe inaugural ifesue of the Jourhal of College Sci^PC 

e aching contained an articl? by Lloyd G. Humphries 

interestingly entitled "The Curriculum^ Never Changes — Only 

the Reasons for Offering it Change." I# th^ article, 

Humphries 'points out that Latin and Greek were once widely 

advoc^Lted and studied for utilitarian reasons — utilitarian 

in th^t they afforded access to the main bod^ of knowledge 

9 

in literature, philosophy, science, and the arts. More . 
recently, proponents of the classical languages have urged 
the retention of thes^ subjects, in the curriculum, not 
because they are useful, but because they are cultural , 

It Is difficult to reject the idea that there is a 
cbnsider9.ble element of truth in Humphries ^ statement. To 
accept it in, toto , however, i^ analagaus to accepting as 
fkct the idea that commercial enterprises can sell the same 
product or service year after year, decade after decade, 
simply by attending to advertising. / » 
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Product Quality ^ . / * . 

^ A second factor of importance in determining success 

In business is the quality of tliQ\ goods or services offered. 

Well managed companies recognize tnat long-term success ' 

depend^, to a considerable extent, \on the production of 

dependflf?)l*e , high-quality goods or services. As tangible 

- " ' * \ \ ^ . 

evidence of belief, in the importance^ of \ this factor, businesses 

invest significant amounts of capltal\ iri quality control 



.procedures and in research and developtaekit (R & D) efforts 
designed to impi^ove goods or services. \ 

^Again,* if we regard science edul^ation as a business 
specializing in ah educational service, iwe must ask ourselves: 
''Wha^t measures have been taken to insurej that the units of 
service (i.e. science courses) are reasonably reliable and 
uniform?" "What research and development; project^ have .been 
undertaken?*' 

Without attempting to respond ii| great, depth, let 
us .consider the question pertaining to duality control. 
Prior to 1893, science ed^^cation in American secondary 
schools had no uniform standards. Science courses varied 
widely in both content and length. In 1893, the so-called 
Committ^ee of , Ten completed a sjet of recommendations which, 

aipong other things, led to the standardization of the length 

10 » ^ . 

of s^iience courses. The mention of standardi*zing . the 

length of science ooUrses may sound more, J-lke quantity 

control than quality control. However, quantitative 

specif locations of products or services fall within the 

indust^Al definition of quality control. » ' 

•■ ■ 8 '■ . 



' At the Elementary ^chodl and college Le^^el-s, little 
has been 'accomplished inUhe* ar.ea of qua;iity cantrol. State 
statutes and the regulations of accrediting agencies pequ^rin^ 
•'that specified amounts of 3<fienc6. inistruction be provided •- 
^ye, however, telded to ^t'^ndarctfze the amount of service 
provided. ^ ' \ 

- Let lis^ now turn to the ^e^tian of research an/i / 
development ; It is not uncor|im9n for a porp^oration , such ^ 
as General Motors, to spend many milli dollars in the 

development and design of an automobile whic4>. wil^ become 
obsolete in a iew years. ^» Sujjerf icially , this might appear 
t£> be an unwise investment of con^any resources. Experience ' 
and company success, however, fiave proven otherwise. 

It would^be difficult to cite an enterprise • that 
invests a smaller percentage of.its capital reso^irces in 

research aad development than does educat4j<)n. .As a' 

^ » ' - • 

subsidiary of the overall educational enterprise, science 

education is no exception. Education is America's largest . 

public investment. Most states allot approximately ^forty 

• • * 11 

per cent of their annual budgets to education. The ^ 

Federal government ^ends more than sev«n billion ^dollars 

* 1 2 

a yeap on education. \3Cet , the allotment of a few million 
doHars per year for educational research and curriculum ^ 
;development is frequently viewed as a wai^teful frill : To ^ 
rtake matters worse, the recent trend at the Fe^ral le^Ql 
appears to be in the direction of relatively smaller. 
appropriq.tidns /for educational research and development. 



% ■ ys ' 

iPdring the 19^9-75 period, for example, the total Federal 
budget grew by 69.8 pei^ cent, while Federa) funds ol^ligated 
for educational research knd development grew by only 32,. 6* 

TO 

per cent. Even this diffjerence does, not suggest, the 

decreased Federal commitment to research and development . 

* - » 

in science *educat ion specifically. The Nationarl Science 
foundation, an agency which supports much of the R&D ^ 
effort in science education, has actually' had a 26.9'per 
cent let reduction in appropri^it ions dniring the 1969-75 
periqji. . " • ^ 

The Federally sponsored curriculum development 
projects of the 1960's stand out a^ the first and only 
large-scale curriculum development efforts' in the history 
of American S(5lLei}ce education. Only time will tell if they 
will he the last. The redu^fed-r{umt?er of projects receiving 

financial support from. Federal agencies during the past 

* ' ' ' *i 

several years certainly does little to improve the prospects 
for increasing interest in science through improvehient of 
the quality of service offered. 

MARKETING SCIENCE EDUCATION: POSSIBLE STRATEGIES 

The "Fatalistic" Strategy . . ' ' 

The fatalistic strategy is really not a.straT^f^ 
at all. It is merely tb^ accept;ance of the idea, that the 
forces that determine popularity and/or academic worthiness 
of school • sub jects cannot be anticipated, manipulated, nor 
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controlled. Consequently, implementation of this strategy 
requires -no action. / . * ^ 

•V , • ■ V , ■ ■, ■ ■ • 

The ^^Advertising** Strategy * . . , u . 

The basic •c^ictum. of the advertising strategy is 
thaf the popularity and pexceived worthiness j^i any school 
subject can be controlled through proper "advertising.** 
Strict adherance to this strategy would amount to an 
acceptance of Humphries* aphorism **the curriculum never 
changBs--only the reasohs for lOffering it change^*.* History 

■ 1/ - • • ' 

has shown that this strategy lis not necessarily effective. 
' over the long haul. There is no subject so basic to the 
curriculum that it cannot eventually be replaced. Recall 
that Latin and Greek once formed the core of a, good sec<?ndary 
ec^cation. On the other hand, thefe is no subject so limited 
in scope 'and importance that it cannot become a core subject. 
This should be. especially ^^leai* to. those of us whd, are 
familiar with how sclerfce offerings have evolved froqi 
abbrev,i5tted elective courses offered primarily in vocational- 
type schools to full-length, required course^ offered by all » 
types of schools at all- educational .levels ♦ Implementation . 
of thi^ strategy requires that the managers erf the "science ^ 
education e.nl^erprise arrange for appropriate advertising, p 

The ** Improved Product Qualit rategy 

According to the 'improv'ipd product tiuality strategy, 
the key to creating and maintaining widespread interest in 
any ffchool subject is to insure that every course offered 

o .-'.It ' ♦ 
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under the.jname of the s.ubject ^brand) meeti^. specif icat;ipns' 

It 



of quality , and , is truly interesting , and W9>th"w^4^ Infple- * 

' ' ' W » . t 
mentation of this strategy rfequirje^- ^hqitv..tpe -raata^gers of 

science^ education get enforcabie*' standd|*tis ;pf ,c^rse quality • 

and that thex engage in reseax^cb^ and, dsveFo^ent aimed at 

improving and updating Science curricula on a continuing 

basis. • " . * .^'^ A' 

'unanswered Questions pertaining to the marketing 

/. , ' ' " " ' . 

, OF SCIENCE EDUCATION * , 

If on? rejects the fatalistic strategy as a means 
of maintaining and improving the acce^^tance af^tcience as ^' 
a school* subject and accepts the ^vertising^ strategy or the' 
improved prodj^ict quality strategy or some comtHnation of the 
two, numerous^unanswered questions become apparent. 

With negard- to advertising, for exampler what for m 

'shoi>ld the advertising take? Is th6 traditional form of 
presenting arguments for science .eduoa^tion in t^e introductory 
remarks of textbooks and in the repo'rts and recommendations of 
professional' committees enough? Should we not Encourage com— 
petitive, and/o> creative activities which attracit arttention 

' to science ^Jrograms?* Should professional science education 
organizations sponsor comm^rical advertisements on -television , 
as does health and physical education, for exarrt^e? 

.If we do decide to advertise, who should be ♦the target 

.populatibn(s)?^ Students?^, 'Scienc^^eachefsi? School^ 
administrators -arid curriculum specialists? Legislators? . 
The general public? . ^ % 

12 ' ' ' 
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"If we attempt tt> promote science education tS^ough, 
^tah'dirdization and imiiroverpent;* of* curricula , how shall we 
rai-se thie necessary R&D fuods Can we obtain them through 
lobbying efforts at ^he local, stat^, and national . levels? ^ 



Are -we because of our status "as a tax-supported enterprise 
•^cqped to an eternil shortage of R & D funds. *Will it be 
.nec'essary/or appropriate for our professional organiza*t ions' 
to 'sponsor ^fund-raising drives to promote H & D projecte in 
'dVitical areas? * . , • / ' 



.MARKETING SCIENCE EDUCATION: A SUGGESTED, STRATEGY 

* Any proposed strategy for promoting Science education 

/ ii^y^kely to receive something less than the unanimous support 
of the science education community. This is onljj natural^, ' . 

since any proposal must necessarily be based on subjectyve^ 
factors 6uDh as the anarl-ysis of sociaj, pdliticaj , '-and economic 
trends; the examination, of .curricular trends f rom^ a historical 
perspective; and the experience and intuijtion of the individual^ \ 



proposing the strategy./ Therefore, the tol'owing strategy is 
suggested with the understanding that v^y will disagree with 
i,t and, furthermore, are j.\jfetified ift. .dqin^ 90. . 

; The strategy which I would propose would seek. to 
improve- acceptance of science fedu<?ation through better use 
of advertising'" and impVovid -"qua! ity of service." The 
Emphasis would be "c^n tt^ former as a means' to. achieving the 
latter. ' ' * . - - - . . ■ ' ' 
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T - . IMPLEMENTING THE STRATEGY 

♦ • • , . • • , 

• As mentioned previously, advertising in' education 

fVequently taKejj the form of a rfttit)nale presented in a 

* .tjextbook or commit$|p repnort. Recent advertisements seem 

vtp^have fallenj^to a pa-brtern of emiphaslzing the cohtributions 

. of science .oil. the developrijent of bas$c mental functions while 

* » * * 

ignoring the. utility ^f scientific knowledge per se. 

The 59th Yearbook pf the Na>tional Society for the 

Study of Educat ion ' stressed the dependence of society on 

science and emphasized' understanding of the nature of scifence 

,a-nd the develQpment problem solving skills as major go^als 

' ^ 15 * 

♦of science insti'uction. ' ^ 

\ ln its position stiitement oh, science education tor 

^ the ' 70s ,'^lllli'e National Science Teachers Association indicated 

* * 

that the value of ^science lay in its ability to develop 

• : . scientifically literate citizens with the necessary 
intellectual resources, values , ;^attitudes , and inquiry 
skills to promote 'the development of man as a rational humdn 
being. "-^^ 

It is; af)parent that the preceding advertisements 
stress the potjpilSal of science to promote the development 
of ^bneral intellectual qualities and skills rather than 
knowledge /of particular facts and 'theories , They are * • 
reminijscent of the advertisements put 'forth by the proponents 
of the classical languages in the nineteenth century. 
y^d|vocates of the classics argued that the study of Latin and 
Greek strengthened general mental faculties and were important 

• 14 
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not because o-f content £er sfe, but because they trained 

the memory^ developed E^ipropri^te attitudes and values, 

17 

and cultivated good judgment. 

The managers of science education should be alert 
to the fact that the arguments of the classicists were 
ineffective. ^The classics were gradually phased out of • 
the curriculum and replaced by the sciences — subjects which^ 
were justified primarily on utilitarian grounds by Spencer 
in h.is persuasive essay entitled: ^''What Knowledge -^is of 
Most Worth?''-^^ 

Let us now refocuSvOur attention on a goal which 
the managers of science education have Iprfg striven for; ^ 
that is, the goal of improving' the quality of service 
offered. As^ indicated earlier , "financed are the' key to 
improving quality of service. Without sufficient funds for 
ft & D, modifying and revising science^curricula to meet the 
ever changing interest? and needs of oar customers wiLl be 
difficult, if not impossible. 

If the key to improved service is increased funds 
for R&D, the logical follow-up question is: *'What is the 
key to increased funds for R & p?*' Aside fronfi obvious- 
factors such as the state gf the economy, the answer would 
appear to be demand — demand from the general pul)lj:c and 
demand from science educatorg as a special interest group. 
Here again, advertising plays the key' r^^e. Public demapd 
for any school program is likely to l&e determined mainly by 
how '^sold" the public on the program in question'.. Since 
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it is-o&vious that advertising playa an important fole in 

• * , ■* ' ' < 

•''determining the degree of acceptance^ of ^school subjects, ^ j, 
several recommendations regarding advertising are in order. . 

* Future 'a^erttsing should stress the 
utilitarran as well as the general 

" benefits that accrue f rom^ the study 

of science. It is important that 
benefits of- scientific knbwledge^ 
per se be emphasized and that we not 
repeat the mistake:^ of ttie" cfassicists . 
I have elaborated on this poipt in \' 
some detail elsewhere . -'■^ - , 

• * Whenever possible, future advertising should 
be conducted in such a way as to "proknot^ 
^ ' science in a $ubtle way, rather thamby 

using* a ''hard sell'' approach., Fot example, 
a well-publicized science fair would consti^- 
tute subfle ' advert isement whereas , a ^ 
brochure describing the ' importance bf * 
science ^education and distributed "to parents 
at, say, a school-wide open house, woul^ ^ 
cor>stitute a "hard sell." - 

* .Future advertising should attempt to promote 

the im^^Lge of science as ^ subject for all. 
ages, races, sexes, and intellectual abilities. 
At present, the image is much too academic and,, 
henae, is ^unattractive to average and belpw 
average students. 
% ' ' > ^ * . ' 

* ^Futur^ advertising should be dirf^ted primarily 

^ toward educational decision makers.* As rrtpntioned • 
previously, advert isi^ng has historicalfy been 
transmitted through committee reports, special 
studies, and through tejctboqks and^otherv 
curriculum materials.^ The target'^group of 
such advertising includes, of course, the, 
. readers of these materials — primarily students , 

teachers, and university science educators. 
^ These individuals seldom have major decision 
making responsibility. * Consequently , advertise- 
ments need to be disseminate'd ij} such a way as 
• to -incliide school administrators/,, ^curriculum 
specialises, legislators, and others\ln decision 
making positions.. This may necessitate the 
development of new diSsfeminat iop techniques or / , 
the more .effective use ^pf present ones. , In 
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, addition to the use of printed materials , 
possibilities for using visual* media; 

. specially designed inservice. programs and 
workshops, and the use of professipnal 
lobbyists shoUld be explored aa ways' of 
reaching educational . decision makers. 

• In addition to the above suggestions for improving 

advertising, there ^re iramerous other Suggestions which, 

if implemented, might help to improve the image of science 

and aid its acceptance as a curricular offering. Some of 

these, include: * * . - ' , 

* Establishing an accrediting association for 
purposes of recognizing^ and honoring 
elementary, secondary and collegiate programs 
that meet specified standhirds of quality. The 
accrediting association Could be in existing 
organisation, such as the National Science 
Teachers Association , , 'or a new association 
could be 'founded. The anticipated effect of 
such an accrediting association would be to 
stimulate and ^encourage institutions to strive 
, for, aadf maintain-, high-quality science programs. 



4 



* Treating controversial subjects, such as birth 
-control and human evolution, in a low-key, 
unobtrusive manner so ^ its to avoid adverse 
reactions and publicity. 

Systematically identifying, perhaps through ' ' 
local and/or na'tional surveys, areas which are, . 
or may, be expected to become, subjects of , 
widespread student and/dr public interest. 

Developing of re^ional\ national, or ihter- 
rlatiorial centers- for research^and development 
in science education. Such oRiters /should be 
equipped and staffed to respond rapiaiy to\ 
newly identifiQ,d consumer interests and (iemands. 
A serious; current problem in materials 
.development is^the length of time between *^ 
trie identification of new consumer interests ^ 
and *the availability of new materials. Take 
ecology, /for example; By the time new 
curriculum materials pertaining to'^ecology 
became available, interest had already started 
to decline.* For thip reason, efforts must be 
made to reduce the turn around time between - 
identification of. new interests and the 
•availability of. new materials: Also, efforts^ 
must be m^de to learn to predict future needs' ^ 
and interests. 

■' lY ■ 



SUMMARY AND CONCLUSION. .. ' 

' . Enrollment in science i^ducation has come a long way. 
In 1890. only about 360,1)0Q students were enrolled in 

feecondary-level science courses; but. by 1974, estimates' 

i * * 20 

of enrollment xariged ypwards. of 15,000,000. Yet,, there 

^ i9 reason fof concern and room for improvement in science . 
enrollments. > * , * * 

We,' must recognize that science -still ranks behind 

: / • ■ ' . . • - 

most other majo'r subject aire^s in enrol Indents . Acpoi'dfing 

^ * ' * 21 * 

4 to.'reoent statistics Science currently enrolls fewer 

students" than either mathematics, the social sciences, 

hejLlth and physical educatioii, or En^lififti.. In percentage 

increase in enrollments during the 1960-1972 period, science 

was badly outstripped by ^foreign languages, healtii and 

« ' Y 22 

physical education, and English. • , ^ 

• -^It' is difficult, if not imposftible, to predict what, 
*^ the future holds for science ediwiition. i Nevertheless, it. 
is the; djuty of the science education ^qmmunity not to 
' lea^ ^the matter to ohanc^. We must at least attempt t^ 
\ control olir 'dwn- cjestihy. To d6 thi§, we must givfe~careful 
attention -tfo .the marketing* of our subject. - ' ^ 



REFERENCE? 



*V -■ : •••• 



^ \. Tanner, L.^'.N,, "The swing awajr from sci^e,". 
Educational Forum , 3'6(2) : 229-23&' ( 1972 j . . . . ^ 

^ 2. Walker'i N. , 'J-IS science teaching sick?" « <^ 
Sgj-ence Education , 59U.):T^>3- 106. (1975). ' ■ . ' 
~~' ' • " . J •* . , t 

f -3. - Herron, ,J. • p. , "Declining enrol'lmehts: here are- 
the facts. Where are the answers?" l;he Sciepce Tea^cfaer -, 
44(l):26-29 (1977). - ': . ■ * ■ 

4. "Grants W. v'. and,€. (yf/Lind;. . D^j^est 'o'f^ EduQet'l-on ., 
Statistics 1975 Edition ,. D"epar"tn\ent --jaf- Health. Edjaca^l on a^d ♦ 
Welfare, U.-"Tr"Go^ernment Printing Office^;; -Ja%hipgti)^^ 'D.^C. 
(1976),, pi 48. ' . :' ..v^' 



5 

Her her 



. Speftcer, H. , "What kntjwiedge" is bf ■ most^ 'Wprlh?'^' in . 
xicxupxt Spencer on Education , New Yorl^" "TeacB'erS-'College 
'Press-, . 1966, A. M. Kazamias (Ed.)'.-, pp.. 121-X6?. 4 - 

^- ' .-f- / ,. 

-6. Underbill, 0. E'.i The Origins - a^cUpeveloiJThent 6f ' ^ 
Elementary SchooJ. Sfcienfce / New Y&x^i- Sto^ , Fdrestiiaif ^nd. 
Company (1941), p. . - ^ " ' 

7. Caldwell, 0. (Ed.), "Report'".64 fthe' Araerica"n"^^ 
Association for the Adyahcement of S.cie.ncte, 'comrntttee' 'on- 
the place of the sclen^ces in .edupigition*, " ' Science 60 :,536 , 
(1924). • ' * ' . •,'*-:/'Tu ; " • - .■> 

8. PrQgressive Education; Associ^tiop Scieneis' -in ■ 
General Edud'ation . New York: Appleton-CentUf<y-rCrc>.fts Inc.. 

(1938). ■ , ■ • . ., V. ; 

9. Humphries, L.' Cj. / 'The curriculupi never; cnang^s— , 
only'.the reasoife for offering it chang>/^ JourriaX' »Qf Collage, 
Science^ Teaching, l(ri):40-43 (-1971^ . ^ \ ' • ^' 

10. Committee, on 'Secondary School Studies, Ttepftrt -^f. 
the Committee of Ten on Secondary Studies 'Washing tonr, :D. 'C. 
National Education Agaoclation .('1893^ . * - ' . t 

11; Grant and Lind,vop. Qit . p. 29 , ' / ' , . 

',.12. Reader's Digest 1977 Almana*c aftd* Yearbdok , IT: S . 
Federal Budget - Outlays : Fiscal Years 1965-7j7,, Pleasan't^^^Llle 
N. Y^ : Refiders Digest Association, Inc. (l577 ) , p / 966'. j 



13. Gfant and Ltncj, op. - bit .-,; p./]r84. 

19 



14.-' Ibi'a. / * 



15. Barnard, J*.', "Rethinking science education," in 
the 59th Yearbook of the National. Society for the. Study of 
Education , Pert I, N. B. Henry" (Ed. ) , Chicago: -University 
of Chicago Press (-1960). 

. 16. **NSTA Statement on fechool science •education for^ 
the 70s/* The Science Teacher , 38(9):4e--51 (1971). Report, 
of - the NSTA Conmittee on Curriculiun Studies^^X, K-ia, D. 
Berkheimer (Chrm/). . 

/ . 17 . Graves , F . 'P. , A History of Education in Modern 
Times , New York: The McMillian Company (1917), pp.. 334-335 

^8. Spencer, 0£. cit. • 

19. Mathis, £. M. ^ Justifying Science in an era of 
vocatiopiilism,'* l^cience j Education ^l(l) : 99-104 (1977)^ 



20. Herron, 0£. cit., p. 27. 

21. Vance^and Lind, 0£. cit . , p. 48. 

22. Ibid. I 



/ 



r. 



\ 



20 



